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. Domain map of Rsp5. We used the ∆WW Rsp5 construct and Rsp5 HECT construct in this study. The ∆WW Rsp5 construct used in this work and in our previous study was found to harbour the mutations N463D and F512S (numbered according to full length Rsp5). 1 To the best of our knowledge, these mutations do not affect the catalytic mechanism. These mutations were corrected during cloning of the HECT domain construct. (C) The reactions of (B) were analysed with -ubiquitin western blot to show that the Rsp5 catalytic cysteine Cys 777 is required to process UbFluor. Mixtures of UbFluor (0 -5 μM), Ub (0 -5 μM), and Fluor-SH (0 -5 μM) were incubated in 150 mM NaCl, 50 mM HEPES pH 7.5, 6 μM Tween-20, and 0.5 mM TCEP. The solutions were loaded to wells in a 384 well low volume, low binding plate (Corning 3820). Fluorescence polarization for each solution was read on the Synergy4 plate reader. Table S1 . To convert polarization to units of UbFluor concentration, linear transformations were calculated according to observations taken at the beginning of our study that polarization at maximal UbFluor concentrations (100% UbFluor) = ~155 mP under single turnover conditions (0.25 -1.00 μM UbFluor), and that polarization at maximal UbFluor concentrations (100% UbFluor) = ~138 mP under multiturnover conditions (10 -20 μM UbFluor). Under single and multiturnover conditions, the minimal polarization after complete UbFluor conversion = ~30 mP (0% UbFluor). Over the course of our study to compare Rsp5 mutants (Figure 4 ), the initial polarization values of 155 mP and 138 mP did not vary by more than 2-3 mP. Between different batches of prepared UbFluor, the initial polarization values did not vary by more than 15 mP; in these cases the linear transformations were adjusted accordingly. Additionally, care was maintained to use a single UbFluor batch for all relevant comparisons within a given data set. Triplicate experiments were performed at each concentration to plot mean  SEM. HECT H775A produce an equivalent amount of di-ubiquitin, while Rsp5 HECT N779A is deficient. Rsp5 HECT (2 μM) was incubated with UbFluor (10 μM) in 25 mM HEPES 7.6, 100 mM NaCl, 4 mM MgCl 2 for 30 minutes at 23 °C and then quenched with 6X Laemmli buffer with β-ME. (B) Pulse-chase assay: Uba1 (E1, 0.42 μM), UbcH5B (E2, 9.1 μM), and fluorescent ubiquitin (16.7 μM) were incubated with 2 mM ATP, 10 mM MgCl 2 , 300 mM NaCl, and 50 mM Tris pH 7.6 for 30 minutes at room temperature. The reaction was then diluted four-fold with 25 mM EDTA, 100 mM NaCl, 25 mM HEPES pH 7.5, and incubated on ice for 10 minutes to halt generation of UbcH5B~Ub. Each chase reaction was then run with ~0.4 μM UbcH5B~Ub, 2 μM Rsp5 in 300 mM NaCl, and 50 mM Tris pH 7.6 on ice, and quenched at the indicated time with non-reducing Laemmli buffer. The gel was imaged with fluorescent scanning (Typhoon 9400). * indicates a protein impurity from preparation of the N779A mutant. Note: in (B), fluorescent ubiquitin is not UbFluor. N779 is shown in an Rsp5 crystal structure. PDB ID: 3OLM. 3 The involvement of N779 in the E2~Ub transthiolation reaction was not known before our study. (0.42 μM), UbcH5B (9.1 μM), and fluorescent ubiquitin (16.7 μM) were incubated with 2 mM ATP, 8 mM MgCl 2 , 300 mM NaCl, and 50 mM Tris pH 7.6 for 30 minutes at room temperature.
Single turnover Conversion
The reaction was then diluted four-fold with 25 mM EDTA, 100 mM NaCl, 25 mM HEPES pH 7.5, and then desalted into the same buffer to halt generation of E2~Ub. Each chase reaction was (D) With UBE2K, chase performed at room temperature. ** indicates a fluorescent Ub adduct that was built independent of the Rsp5 HECT catalytic cysteine. * indicates UBE2W~Ub-Ub.
Cognate and non-cognate E2 enzymes were selected according to Sheng, et al. 4 Graphs in (A-D) have plotted mean  SEM from 3 separate reaction trials run on separate gels. Note: the fluorescent ubiquitin used in these assays is not UbFluor. is a pilot library known to contain reactive compounds, thiol containing compounds, furans, redox cyclers, and compounds with nitro groups. As a result, this collection leads to an increased hit rate compared to the Maybridge plate in Figure 6C .
Nedd4-1 HECT (0.5 μM) was pre-incubated for 1 hour with small molecule (50 μM, 0.5% DMSO final concentration) in 50 mM HEPES 7.5, 150 mM NaCl, 6 μM Tween-20. UbFluor (5 μM final concentration) was then added and incubated with reaction solutions at 27 C.
Fluorescence polarization was read by the Analyst GT (Molecular Devices) at room temperature after 5 hours. Columns 1 and 23 had DMSO, and columns 2 and 24 had 1 mM iodoacetamide as controls.
Nedd4-1 HECT (0.5 μM) was pre-incubated with small molecule (50 μM, 0.5% DMSO final concentration) in 50 mM HEPES 7.5, 150 mM NaCl, 6 μM Tween-20. Ub-Flu (5 μM final concentration) was then added and incubated with reaction solutions at room temperature. Fluorescence polarization was read by the Analyst GT at room temperature. Columns 23 and 24 had DMSO or 1 mM iodoacetamide as controls, respectively. 
Supplementary Methods

Biochemical Procedures
General Information
UbE2W and UBE2K were purchased from R&D Systems. Sodium 2-mercaptoethanesulfonate (MESNa) and wild-type ubiquitin from bovine erythrocytes were purchased from SigmaAldrich. These purchased proteins and chemicals were used without further purification. In-gel fluorescence scanning was performed using the Typhoon 9400 (GE Healthcare). 
Probe Synthesis
Synthesis of trityl-protected cysteamine. To a mixture of cysteamine hydrochloride (1 g, 8.8 mmol) and trifluoroacetic acid (1.3 mL, 17.6 mmol) in CH 2 Cl 2 (30 mL), was added tritylchloride 4, 129.8, 128.6, 127.4, 67.7, 36.9, 29.4 . 1, 110.0, 112.2, 116.7, 124.2, 126.4, 127.6, 128.7, 128.9, 129.4, 130.5, 140.8, 144.8, 152.7, 159 .9
Synthesis of trityl-protected-
Synthesis of Fluor-SH. To trityl-protected-Fluor (100 mg, 0.141 mmol) in a 20 mL glass scintillation vial was added TFA solution (1 mL trifluoroacetic acid with 25 µL triethylsilane and 25 µL water). The mixture was lightly vortexed for two hours at room temperature and then poured into diethyl ether (50 mL Et 2 O in a conical tube). The precipitated product was centrifuged (4,000g, 10 min) to obtain an orange pellet (16.3 mg, 0.035 mmol, 83 % yield). To purify this product by HPLC, the pellet was dissolved in acetonitrile/water (3:7) with 0.1 % TFA (2 mL). A few drops of triethylamine were added to fully dissolve the solid. It was then purified with a gradient HPLC method (ramp from 30% -95% acetonitrile, column: Restek Pinnacle DB C18). The collected major peak was then lyophilized overnight to obtain an orange/red powder (20 mg, 31% yield). 1 H NMR (400 MHz, DMSO); δ = 8.22 (s, 1H), 7.74 (d, 1H), 7.19 (dd, 1H),
6.67 -6.55 (m, 6H), 2.73 (t, 2H), 2.47 (t, 2H). 13 C NMR (125 MHz, DMSO); δ = 23. 2, 47.3, 102.7, 110.2, 113.1, 121.1, 124.5, 129.5, 141.5, 147.7, 152.3, 159.9, 168.9 Ub~MES synthesis (E1 enzyme mediated synthesis) 5 In a 50 mL conical tube, the following components were combined according to the given order of addition: Dialyzed material was further purified through a HiLoad Superdex 75 FPLC column equilibrated with Storage Buffer B. UbFluor elutes around 120 mL total elution volume, while ubiquitin elutes around 90 mL. The UbFluor fractions were collected and concentrated with Amicon Ultra-15 Centrifugal Filter Units (to 50-100 μM). UbFluor was aliquoted, snap frozen in N 2(l) and then stored at -80 °C (4.5 mg, 60% yield).
Fluorescence polarization measurement
Fluorescence polarization (FP) was measured using a Synergy4 (BioTek) fluorescence plate reader running Gen5 software (BioTek). All components for a given reaction were added to a 1.5 mL microcentrifuge tube, the appropriate volume of Rsp5 was placed on the wall of the tube, and then the reaction was initiated by centrifuging the tube at 10,000
g for seven seconds. The reaction solution was mixed by pipetting five times and then loaded (20 μL) to a 384-well plate (Corning 3820). Once all the samples were loaded to the plate, the plate was spun at 1,500 g for eight seconds, and then added to the plate reader to record FP. All the reactions contained 150 mM NaCl, 6 μM Tween-20, 0. Fluor-SH and ubiquitin were incubated in 1X PBS with 20 mM β-ME and analysed with a NanoDrop 3300 spectrofluorometer to make a standard curve. UbFluor (Sample A) was diluted with a four-fold excess of the PBS/β-ME buffer and was incubated at room temperature for 1 hour while the standard curve was generated. (B.) Ubiquitin from Sigma-Aldrich or UbFluor was diluted seven-fold in 1xPBS with 20 mM β-ME and incubated at 37 °C for 60 minutes. Samples were then mixed with 6X reducing Laemmli buffer and boiled for 5 minutes at 95 °C. The resulting solutions were then loaded (1833 ng for 1.25 mg/ml sample) to an 18% acrylamide gel (1.5 mm) . Following SDS-PAGE, the gel was stained with Sypro Orange and imaged with the Typhoon 9400 scanner. UbcH5B was purified from uncleaved enzyme, GST, and thrombin via size exclusion chromatography using a Superdex 75 column (GE Healthcare).
Preparation of ∆WW Rsp5
Rsp5∆WW ( Figure S1 ) was transformed into E. coli Rosetta (DE3)pLysS with 100 μg/ml ampicillin, 34 μg/ml chloramphenicol selection (Novagen), and expression was induced with IPTG (0.2 mM final concentration) at 18 °C overnight. Cells were then harvested by centrifugation (6000 g, 20 min, 4 C), resuspended in 6xHis purification Buffer A supplemented with DTT (1 mM), MgCl 2 (8 mM), and DNAse I from bovine pancreas (10 μg/ml, SigmaAldrich). Following sonication, the lysate was cleared with centrifugation (18,000 g, 30 min, 4 C) and then incubated with TALON Metal Affinity Resin (Clontech; 2 ml slurry equilibrated with 6xHis purification Buffer A) for 1 hour at 4 °C with rocking. The resin was then washed with 6xHis purification Buffer A (20 ml) and 6xHis purification Buffer B (20 mL) before elution with 6xHis purification Buffer C (1 x 5 ml). The combined eluates were concentrated with
